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© NC DATA PREPARATION METHOD FOR CORELESS MACHINING IN WIRE CUT DISCHARGE 
MACHINING. 

© This invention relates to a method of preparing NC data for coreless machining in wire cut discharge 
machining using an automatic programming apparatus. A programming apparatus which reads the profile (C1) of 
a machining area (A1), a wire connecting position (PO) and a maximum cut-in quantity from a PERT program 
prepares NC data for moving a wire from the wire connecting position (PO) to a machining area center position 
(P1) (S1) while effecting discharge machining, determines a spiral tool orbit consisting of circular orbits (PS1 ~ 
PS3) each having a shape similar to a figure expressing the profile of the machining area and spaced apart 
mutually by a maximum cut-in distance and linear orbits connecting the adjacent circular orbits with one another 
and prepares NC data for making rough machining along the linear orbits and circular orbits inside a finish 
machining area inner peripheral curve (C2) (S2). When the NC data for making final rough machining along the 
inner peripheral curve is produced (S3) the cut-in distance from the circular orbit (C3) adjacent to the inner 
peripheral curve is limited to the distance between them. Finally, NC data for making finish machining along 
finish machining orbits (C4 t C5, C1) outside the inner peripheral curve determined on the basis of a finish margin 
and the number of finishes in the PERT program is prepared (S4). 
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Technical Field 

The present invention reiates to a method of creating coreless-machining NC data for wire cut electric 
discharge machining. 

5 > 

Background Art 

When a piercing operation is performed by means of wire cut electric discharge machining, a core to 
be cut off from a workpiece body is held by the use of a jig such as a magnet or suction device, so that the 

w core will not be dropped out from the workpiece body. However, if the core is small in size, the core may 
be dropped out from the workpiece body and may damage a wire (tool electrode) or parts of an electric 
discharge machine. Therefore, in the prior art, so-called coreless-machining is carried out, in which electric 
discharge machining is effected over the whole of a core area while moving the wire in the core area, so as 
to cause the entire core to be melted and thus prevented from being dropped out. 

75 In the case of using a programming unit for electric discharge machining to create coreless-machining 
data (program), a pocket machining data creating function of a programming device for milling is 
conventionally utilized since the prior art device has no function used exclusively for the coreless-machining 
data creation. In this case, however, a definition inputting operation for defining the procedure of the 
coreless-machining is complicated, and the created NC data may conflict with inhibited matters inherent to 

20 the wire cut electric discharge machining. For example, unlike the milling, in the wire cut electric discharge 
machining for machining a workpiece by the use of a wire which extends through the workpiece, it is 
inhibited to cause a wire to be retarded from the workpiece, and then rapidly moved to and positioned at 
the machining starting position on the workpiece. When an inhibited operation of this kind is erroneously 
defined in the programming operation, wire disconnection may occur. 

25 

Disclosure of the Invention 



An object of the present invention is to provide a method of creating coreless-machining NC data for 
wire cut electric discharge machining. 

30 In order to achieve the above-mentioned object, a method of creating NC data for coreless-machining 
according to the present invention comprises the steps of: (a) defining a coreless-machining area 
beforehand; (b) automatically determining a central position of the coreless-machining area as a machining 
starting position; (c) automatically determining a spiral wire locus starting from the machining starting 
position and reaching a contour of the coreless-machining area; and (d) automatically creating an NC data 

35 part used for moving a wire along the wire locus while performing electric discharge machining. Preferably, 
the method of the present invention further comprises a step of automatically creating an NC data part for 
moving the wire from a wire extension position to the machining starting position while performing electric 
discharge machining. 

As described above, according to the present invention, since the central position of the previously 
40 defined coreless-machining area is automatically determined as the machining starting position, and the NC 
data part used for moving, where required, the wire from the wire extension position to the machining 
starting position while performing the discharge machining process is automatically created, a manual 
operation for inputting the machining starting position can be omitted, and the NC data conflicting with such 
inhibition matters, inherent to the wire cut discharge machining, as causing the wire to rapidly move from 
45 the wire extension position to the machining starting position can be prevented from being erroneously 
programmed, thus preventing the wire disconnection caused by this kind of erroneous programming 
operation. Further, since the NC data part used for moving the wire along the spiral wire locus from the 
center of the coreless-machining area to the contour of the coreless-machining area while effecting the 
discharge machining is automatically created, desired coreiess NC data can be created without the need of 
50 performing a complicated definition inputting operation. 



Brief Description of the Drawings 

Fig. 1 is a schematic block diagram showing a principal part of an automatic programming device for 
embodying a method of creating NC data for coreless-machining according to one embodiment of the 
55 present invention; 

Fig. 2 is a schematic diagram showing a coreless-machining area and part of a wire locus; and 

Fig. 3 is a flowchart showing an NC data creating process for coreless-machining executed by the 

processor of the programming device of Fig. 1. 
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Best Mode of Carrying Out the Invention 



flopDv disk R_ L S ( ^ e d ' sk controller 6 * arranged to removably loaded with a 

S2^£TSS ? waTu^sT^' part pro9ram and created NC data - ^ 2 ^ " 

prog^m ^ZTTV^lScZlT h ^ °* Statem6nt by Statement ' a coreless-machlning part 
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TABLE 1 



PART, SCORELESS 




MCHN , CUT. ABS 
« 




AREA, Al 




FROM, P0 (5. 0) 




CI (0. 0, 5). CW, 


PO 


AEND 




* 

WIRE, 0.25 




FROM. P100 (J 00, 


100) 


RPD, PI (0, 0) 
SM60 


C0RLES/A1, 0.1, 0 


•03, FINE, 3 


@M50 


RPD. PI 00 




FINI 




PEND 
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The ninth statement "WIRE, 0.25" indicates that a wire having a diameter of 0.25 mm should be used. 
The tenth to twelfth statements are associated with an automatic wire extension process, and a point P100 
represented by a coordinate position (100, 100) on the workpiece coordinate system is specified as a 
movement starting point of the wire, by the tenth statement "FROM, P100 (100, 100)". The eleventh 
5 statement "RPD, P1 (0, 0) n includes a command "RPD" for commanding rapid movement of a tool (wire). 
In this statement, the defined point P1 at the coordinate position (0, 0) in the workpiece coordinate system 
is specified as the end point of the rapid moving operation. The twelfth statement "@M60" indicates 
execution of the wire extension process. 

The thirteenth statement "CORLES/A1, 0.1, 0.03, FINE, 3" is associated with creation of NC data for 
70 coreless-machining, and is generally described in the form of "CORLES/name, Cr, Cf, FINE, n". That is, the 
statement associated with the NC data creation contains a command "CORLES" for commanding creation 
of NC data for coreless-machining, and a command "FINE" for commanding execution of finish machining. 
Further, in this statement, the title "name" of the coreless-machining area, maximum cutting amount "Cr", 
finishing allowance "Cf " and repetition "n" of finish machining are specified. In the thirteenth statement of 
is this embodiment, the title of the coreless-machining area, maximum cutting amount, finishing allowance and 
repetition of finish machining are respectively specified to be "A1 "0.1 mm", "0.03 mm" and "3". 

The fourteenth statement tt @M50" indicates that the wire should be cut after completion of the 
coreless-machining operation, and the fifteenth statement "RPD, P100" indicates return of the wire to the 
defined point P100. Further, the sixteenth statement "FINI" indicates completion of the execution, and the 
20 seventeenth statement "PEND" indicates the program end. 

Now, the operation of the automatic programming device will be explained. 

When an operator operates the keyboard 5 to input a coreless-machining NC data creation command 
into the programming device after the floppy disk FL having the created coreless-machining part program 
(Table 1) and the system program stored therein is loaded into the disk controller 6, the part program and 
25 system program are transferred from the floppy disk FL to the RAM 3 under the control of the CPU 1 of the 
programming device. Then, in accordance with the system program, the CPU 1 executes the coreless- 
machining NC data creation process of Fig. 3. During the data creation process, the CPU 1 reads out and 
executes the part program statement by statement. As described above, the third and eighth statements are 
not executed. 

30 More specifically, in accordance with the first statement "PART, ©CORELESS", the CPU 1 creates the 
title of the program for specifying that NC data now created is the coreless-machining data, and stores the 
same into the RAM 3. Then, in accordance with the second statement "MCHN, CUT, ABS", the CPU 
determines that the part program should be executed by means of the absolute system and in accordance 
with the system disk library FAPTCUT. 

35 Next, the CPU 1 determines, on the basis of the fourth to seventh statements, the central position of the 
coreless-machining area A1 on the workpiece coordinate system, that is, the coreless-machining starting 
position P1 (0, 0), determines, on the basis of the eleventh and twelfth statements the position of formation 
of the wire insertion hole for wire extension, that is, the wire extension position P1 (0, 0), and creates a first 
data part used for moving the wire from the wire extension position to the machining starting position while 

40 effecting electric discharge machining (step S1 in Fig. 3). The first data part constitutes part of the coreless- 
machining NC data (program) and is stored into the RAM 3. In this embodiment, the wire extension position 
and the machining starting position are both equal to the defined point P1 (0, 0), and therefore, the first data 
part indicating that the wire movement from the wire extension position to the machining starting position is 
not necessary is created. 

45 As described above, since the machining starting position can be automatically determined based on 
the statements of the part program, it is not necessary to manually input the machining starting position into 
the programming device, unlike the conventional method. This is convenient. Further, in case that the wire 
extension position and the machining starting position are different from each other, it is possible to 
automatically create a first data part used for moving the wire from the wire extension position to the 

so machining starting position while effecting the electric discharge machining. Thus, erroneous creation of NC 
data which causes the wire to rapidly move from the wire extension position to the machining starting 
position can be prevented, unlike the conventional method. 

Next, on the basis of the statement "CORELES/name, Cr, Cf, FINE, n", the CPU 1 creates a second NC 
data part which constitutes part of the NC data for the coreless-machining, for causing the wire to move 

55 along the spiral tool locus extending from the machining start position to the vicinity of the contour of the 
coreless-machining area. 

At first, the CPU 1 determines a first target position which is separated outwardly from the machining 
starting position by a preset cutting amount which is equal to or less than the maximum cutting amount Cr, 

5 
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while effecting electric discharge machining (step S5). The fourth data part constitutes the NC data for 
coreless-machining in cooperation with the first to third data parts. The finish machining locus continues to 
the rough machining locus constituted by the first to (j + 1)th straight tool loci, the first to j-th curved tool 
loci, and the inner circumferential curve of the finish machining area ((j + 1)th curved tool locus), and 

5 cooperates with the rough machining locus to constitute the coreless-machining tool locus. 

More specifically, the CPU 1 calculates a second preset cutting amount by dividing the finishing 
allowance Cf by the repetition n of finish machining, determines the (j + i + 1)th target position which is 
.separated outwardly from the (j + i)th (i = 1. 2. 3) target position by i times the second preset cutting 
amount, and determines a (j + i + 1)th straight tool locus which connects the (j + i)th target position with the 

10 G + » + 1)th target position. Then, the CPU 1 creates data for moving the wire from the Q + \)fh target position 
to the (j + i + 1)th target position along the (j + i + 1)th straight tool locus while effecting the finish machining. 
."Further, the CPU 1 determines a (j + i + 1)th curved tool locus which is similar in shape to the contour of the 
.machining area and which is separated from the machining starting position by the distance equal to the 
sum of j times the preset cutting amount, final rough machining amount and i (i = 1,2) times the second 

75 preset cutting amount, and creates data for moving the wire in the coreless-machining direction along the 
(j + i + 1 )th curved tool locus and the contour of the machining area while effecting the finish machining. In 
this embodiment, the finishing allowance is 0.03 mm and the repetition of finish machining is 3, and hence 
the second preset cutting amount becomes 0.01 mm. In Fig. 2, symbol C1 denotes the contour of the 
machining area A1. and C4 and C5 respectively denote (j + 2)th and G + 3)th curved tool loci having radii of 

20 4.98 mm and 4.99 mm. 

After completing creation of the coreless-machining NC data (program) constituted by the first to fourth 
data parts, the CPU 1 causes the thus created NC data to be stored into the memory 4 in a manner 
readable therefrom. 



25 Claims 



1. A method of creating NC data for coreless-machining comprising the steps of: 

(a) defining a coreless-machining area beforehand; v 

(b) automatically determining a central position of the coreless-machining area as a machining 
30 r starting position; 

(c) automatically determining a spiral wire locus starting from the machining starting position and 
■r. reaching a contour of the coreless-machining area; and 

(d) automatically creating an NC data part used for moving a wire along the wire locus while 
performing electric discharge machining. 

35 

2, A method of creating NC data for coreless-machining according to claim 1, further including: 

a step (e) of automatically creating an NC data part used for moving the wire from a wire extension 
position to the machining starting position while effecting electric discharge machining. 

40 3. A method of creating NC data for coreless-machining according to claim 2, wherein said steps (b) to (e) 
are executed by use of an automatic programming device, and said step (a) is executed by defining the 
coreless-machining area beforehand in the automatic programming device. 

4. A method of creating NC data for coreless-machining according to claim 3, wherein said step (a) is 
45 executed by describing a definition of the coreless-machining area into a part program. 

5. A method of creating NC data for coreless-machining according to claim 2, wherein the NC data part 
created in said step (e) indicates that it is not necessary to move the wire from the wire extension 
position to the machining starting position when the wire extension position coincides with the 

so machining starting position. 

6. A method of creating NC data for coreless-machining according to claim 1, further including the steps 
of: 

(f) defining a finishing allowance; and 
55 (g) determining an inner circumferential curve of a finish machining area which extends along the 

contour of the coreless-machining area; 
wherein the data part created in said step (d) contains a first sub data part used for effecting rough 
machining along that portion of the spiral wire locus which is located inside the inner circumferential 

7 



INSDOCID: <EP 0444202A1 1 > 



EP 0 444 202 A1 



10 



75 



20 



25 



30 



35 



11. A method of creating NC data for ooreless-machining according to ciaim 9, further inc.ud.ng the steps 
(f) defining a finishing allowance; and 

^S^^SZS^ ^ ° f 3 finiSh maChinin9 ~ Wh,ch — * aiong the 

which is located iSdLTe toTSZZSLZE tha * portion of 11,6 P lu ^ <* «««J wire loci 
finish machining J^SSZ^STSX^ST ^ ? ^ ** Part USSd for effectin 9 

circumferential curve; P ° f ° UrVed t0£)l ,oci which ,s ,ocated ouWde the inner 

which is located insfde and ^ adtecXo ^TnnL "? °" e ° f P ' ura,ity of curved wir * W 
distance between meir^S^LT^^T^ ° un " Whe " * iS dete ™™ d that the 
than the preset cutting amount ^ ^ CUn " d W ' re '° CUS adjacent *«* ■» ""Her 



40 



45 



50 



55 



<£ P 0444202A1_I_> 



8 



EP 0 444 202 A1 



FIG. I 
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FIG. 3 
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